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JUNE, 1960 


STANDARDS AND ACCURACY 


Till* r(*i‘ent calibration seminars* helti 
at (General Radio are a natural result of 
our loiiK-standinp; interest in the field of 
imjieiiance standards and measuremiaits. 
In the course of these seminars we have 
had the opportunity to discuss probh'ins 
of mutual interest with nearly one hun¬ 
dred euKineers from commercial and 
military laUiralories actively concenu*d 
with standardization. Thi»se discussions 
have suKj?i*ste<l several areas where con¬ 
fusion and misunderstanding exist. Our 
viewfKiiiit on some of these may be of 
particular interest to the larger audience 
of Experimenter readers. 

TERMINOLOGY 

Somewhat surprisingly, standardizii- 
tiwii for the language of standardization 
is lacking. Terms such as calibration ac¬ 
curacy and certification accuracy are 
useil by dilTerent manufacturers with 
enough shades of dilTereiice in meaning 
to create confusion when specifications 
or calibration data are compared. Our 
usage of these and other terms is out- 
lint*d below (with the full knowledge that 
inconsist(*nci(*s in our own past publica¬ 
tions and specifications may be found). 


(NBS).* The determination is always 
subject to some limitation and, there¬ 
fore, the unit as inaintainwl may differ 
slightly from the absolute value. 

Standard resistors olTer an excellent 
example of the* relation bet ween value as 
maintained by NHS and the absolute 
value of the .same (|uantity. The fact 
that staiulard resistors are available 
which show a stability from year to year 
within I i)pm or less d<»es not nei-essarily 
mean that the absolute value of such re¬ 
sistors is known to the .same* accuracy. 
Publications by NHS and by tlie stand¬ 
ardizing laboratorie.s of the other coun- 
trie.s indicate that the pre.sent certainty 
in the knowledge* of the absolute value of 
the ohm is limitiHl to something of the 
order of 10 or 15 ppm.* It is obvious, 
therefore, that considerable care miLst be 
taken in interpreting accuracy state¬ 
ments of ±0.(K)1% which frequently 
appear in connection with standard re¬ 
sistors. 

NBS Certification 

It is important that the meaning of 

Figure 1. A sfobU low>freqw«ncy inductance itand> 
ord, die General Radio Type 1482 Standord Inductor. 


Absolute Value 

By altsolute value of an electrical unit 
is meant the value of the unit as derived 
from the fundamental units of ma,ss, 
length, time, and the permeability of 
space. The determination of, the main¬ 
tenance of, and the dissemination of the 
electrical units are the responsibility of 
the National Bureau of Standards 

* Throe iturh i«tnituir> hove been held. Srr ‘'.Seiiiiniir on 
.sUindnrtU, Cnlihrntion*. and ^^pa*urrfllrlltl*,** 

Hadio Kxftrrimmtrr, 34. 1. JanuBr>'. IlMIO. 

*XIlS ("ifTuUr .’*31, *‘Kxtcn*.if*n und r>ui»rniination of thr 
I'lrtHriral iintl MtMinrtic t*nit« by the National Rurvau 
of Standanhi." 

*(*urrrnt work at NBS is expeetwl to rwluce fbis un¬ 
certainty. 
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llie accuracy statomcnl giv(Mi on an XR8 
certification of inductance or capa(Mlance 
he properly interpreted. The accuracy 
statement (U>es not represent only t)ie 
limit of absolute accuracy of the XHS 
measurement, hut inchules an assess- 
mcTit, lmse<l on e.xperience, of the proh- 
ohle ntnUUity of the calihratetl device. A 
rrrtijirfiU is tlierefore issinnl onh' for a 
product which Inis h(‘en available to XBS 
for a sufficient period of time to demon¬ 
strate a pattern of .stability behavior. 
The accuracy figure assigneil to calibra- 
tion.s after a history of performance is 
established is intcnided to be sufficiently 
consersative to give the us<t reasonable 
assiu’ance that the standard will remain 
within thostate<l limits for, s^iy. one year 

When an item is submittefl for wliich 
no performance history exists, a report is 
issued, rather than a artijiratc. 

'Fhe XHS practice outlined abov^e 
differs from s<nne of the practices I'l.se- 
where. For example, in England the 
statement of accuracy attached to values 
of resistance, capacitance, and induct¬ 
ance normally refers only to the calibra¬ 
tion as made, aiul no allowance is made 
for the stability of the device. 

These differing practices have led to 
misumh'rstanding and improper conclu- 
si<uis drawn from a coin])arison of the 
certifi<*ation accuracies offered by XlfS 
and XPL. XlfS certifications of induc¬ 
tors, for instance, are typically 
those of XPl. typically drO.Ol^. In 
.spite of these diff(*rences, values assigned 
by the two laboratories are in agreement 
within 0.01% as showm by informal com- 
pari.sons.* 

•Kur nn .vns oerlificute for a Btandtinl r«.siMtor 

nirrioM iht* followiiiK Ktutoiiient: *'Tho accuraov thown it* 
Uiuioti tipon thi» Bumtiu’a record of the stability tpf the 
rtrsiiitor, or, for roBMtora aubnutted for the tin*t tinie, upon 
experience with reaifflon of the aanio type. It is pxpcctofl 
ihut th« Ffwintunep value will Ih» rclialde to the accuracy 
({ivnii for at Icnmt <mc year from the date of ti?st " 

s*'Stahili!,y jtcconlfi of Standani* of Iruiuctunrc and 
(*ape»citi»ncc.’* f/coend Kwliv Exun-immtrr, dl, 4. .\pril. 

nMio. 


General Radio Certification 

To clarify the terms used in Cleneral 
Radio calibration certificates, let us e.x- 
amine the numerical values associated 
with a typical standard (for in.stance, 
a Typk 1401)-Y Standard Capacitor): 
nominal value, adjustment accuracy, 
calibration or certified value, and cali¬ 
bration aciairacy. 

Nominal value and adjustment aecurncy 
are engraved on the nameplate, i.e., 1.0 
Ml ±0.05%. The nominal value of I.O 
Mf may be regarded as an abbreviation 
of the highly precise and ab.solute value 
that it would be desirable to have, per¬ 
haps 1.00000 m 1* The adju.stment ac¬ 
curacy repre.sonts the elosene.ss to which 
we feel it is eeonomically praetical to ad- 
ju.st to the nominal value. This adjust¬ 
ment is made in terms of the known 
values of our reference standards, which 
are internally consistent and, wo believe, 
compatible with XHS value's to better 
than 0.01%. .Vllowance must be made 
for this uncertainty, for errors of obser¬ 
vation, for minor dilferences in tempera¬ 
ture, and for possible drift . The.se are all 
coverotl by tin' traditional (leneral Radio 
practice of using as our laboratory ac¬ 
ceptance figure for adjustment accuracy 
a value not more than M the value en¬ 
graved on the namej)late. 

d'he significance of any adjustment ac¬ 
curacy needs examination when that ac¬ 
curacy i.s comparable in magnitude to 
the tolerance of XBS certification. For 
e.xample, the adjustment accuracy of the 
OR Typk 1 lOt) Capacitors is now 
±0.05%. The Xational Bureau of 
Standards places a Uqiical tolerance* of 
±0.03%) on the certification of our refer¬ 
ence staneiards. Theoretically, there¬ 
fore, the actual value of a staiulard 
capae-itor adjusted to ±0.05% couhl 
ditTer from the nominal value by (0.05 
±0.03)%. 
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Type 1409 Standard 
Capacitor. 

Obviously, in the extreme ease, the 
dilTerenee would be 0.08%. Actually, we 
have Rood reason to believe that such an 
extreme ileviation will never occur. Our 
experience with NBS ceiiilications of 
many of our reference standards for 
many years in the standards mainte- 
nam;e program described later in this 
article indicates that the NBS unit of 
capacitance is constant to better than 
dr0.()l%. (See preceding section on 
NBS (’'ertilication for the reason for the 
rbO.03% tolerance.) As notcnl aliove, 
the NBS units agree within drO.01% 
with those of other national standards 
laljoratories. When one of our capacitors 
is sent to NBS (or other laboratory) 


for calibration, the certified value will 
be within d=0.05% of nominal. For ex¬ 
ample, the l.()-/uf standard of our previ¬ 
ous example would, at worst, be certi- 
fieil as, say, l.(K)049 ijii db0.()3%. 

The measurement of the actual value 
of a standard can usually be made with 
greater accuracy than the adjustment 
to nominal value can be made. The 
measured value, or r.alihrnled value, is, 
then'fore, the value to be used for ac¬ 
cural e measurements. 

The measuretl data are frequently re¬ 
ferred to as a “calibration” and the 
piece of paper carrying the information is 
often referred to as the “calibration (ter- 
tilicale.” Far more important than what 
the tlocument is callcnl is the significance, 
or ncrnracif, of the number appearing on 
it. The accura(‘y at the time of nuaisun*- 
ment depends upon two factors, (1) I he 
precision of the comparison against the 
working standard used and (2) the abso¬ 
lute accuracy of that standard. The sul>- 
.sequent usf'ftdness of the newly cali- 
bratcMi .standard and its (tertification 
depends upon the stability, and a stand¬ 
ard is truly usefid otd\' after its own 
stability history is known, although 
knowledge of representative stability of 
standards of the same type and manu- 


Figure 3. Charf showing the relation between nominal and calibrated values for o General Radio sfondard 

of capacitance or inductance. 
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facturo is, in tlio case of a new slaiitlard. 
reassurinK. 

We helieve tlial it is much more useful 
to provuh* information on all the items 
contrihuling to uncertainty than to 
conthine thi'in into one over-all accuracy 
sl!it(*ment. 'fherefore, the certification of 
the rvcK 1 I Oil-Y Standani C’a])acitor 
reads, “'riiis capacitance value was ol>- 
lainiHl by dire**t comparison, precis<» P) 
hell<*r than :fc0.01%, with a like stand¬ 
ard cerlififnl hy the Xutional Bureau of 
Standards t<» an accuracy f»f did.fKV c, in 
nhsolule capacitance.” Temperature cc»- 
eflicient is also siKMafiiMl. SiiuM* th(‘ sta¬ 
bility of (his standard is statcnl as 
:£0.I)1' (. for a period of two years, the 
ti.ser looking at (his certifica((‘ within a 
fi*w moni hs of its date has reasonable as¬ 
surance tliat the value given is corr(*c( 
within about 0.01%. On the other hand, 
if all lhre<* factors were combiiuMj and 
the accuracy stated as ±0.0')%. tlu* ti.ser 
could only conclude that that numlier 
rcpri*s<*ntiHl his limit of confidence in (he 
given valut‘. 

USING A STANDARD 

In summary, when a .standard is to be 
us(h 1, tlu* billowing items of information 
are desirable, in tlu? order describiMl: 

(1) TTie nominal rnlue. 

(2) Tlu* (nljitslmrnl arrnrarjf. 

(3) TTu* rvrtificntr or valtbraluni value. 

( I) TTie arniraci/ of ralihration: 

a. Precision of calibration. 

b. Accuracy of working standard 
against which calibration was 
made. 

c. Stability, as known or as.sun*d. 

(")) KnowltMlge «)f environnu*ntal con¬ 
ditions and (heir |K»s.sible effect. 

Ciiven such information, oiu* is ready 
to use the standard for checking a piece 
of me:isuring equipment, or for calibrat¬ 


ing another standard to be u.sckI for that 
puri^ose. 

The extent to which one must be coii- 
ceniwl with .some of the finer pointj? dis- 
cus.setl above depends u|)on t he accuracy 
requirement of t he job to be done. If, for 
instance, a \% or a bridge is to be 
checked, and the available standard of 
desired nominal value has an adjndmcnt 
arrnracy of ±0.0")%, it should not be 
iRHessar>' to worry alsMit items (3). (4), 
and (5), If, on the other hand, a 0.25% 
ilevice is to be check<*<i, the 0.05%; would 
consume a .significant |)ortion of the dc*- 
sired accuracy and the valiUralvd value of 
the .stantlanl shouM be u.sed as a precau¬ 
tion. If the maximum possilile accuracy 
is retpiired, attention must be given to 
all the factors listed in order to asst^ss the 
real accuracy that is obtain(‘<l. Finally, 
attention must also be ])ai<l to the tech¬ 
nique of nu'a.surement. in order to realizt* 
the maximum available a<*curacy of the 
standiu*d. 

TRACEABILITY 

To those concerned with standardiza¬ 
tion, “traceability” has, in (lie pa.st few 
years, become a matter of im|)ortanc<‘. 

A program has been instituttnl by the 
Department of l)(*fen.se to insure that 
the calibrations of standards u.sotl in 
(pialily-assurance programs are, in fact, 
projK'rly refern'd to the national stand¬ 
ards. The obje<*live of this program is to 
insure agreement of dimen.sions, el(?c- 
trical compoiu'iit values, atul peii'orm- 
anc(‘ among e(|uipm('nls pnalmatl by 
different manufacturers, at dilTtaent 
tinn's, and in different localities. Com¬ 
patibility of interconnect(*d elements of a 
system, or of comiKinents us(*<l in a given 
capiipment, rcMpiin*.s a common base of 
fundamental electrical and me<*hanical ^ 
standards. By definition and by law, the 
common base i.s tlu* standards as main- 
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Jtt/o-year Warranty 

Wc MMiranl ihm c*»ch iic^v iikiui- 
mcni wjUI h> tis ts lri*c frum iJcfcci\ 
in iiiuicml :tn«l workmannhip inJ that 
proporiy u^c«l it uill pciftum in lull 
.icturdance NMlh .ipplicaKtc spcvitWa- 
lioiit for a pciiud of iwo yearn ul'lci 
oiiginal «-hipnicnl. 'Vny inMiiinicnt or 
coniponcni llui !'• found uiiliin the 
icar period not to ttieei ihe\e 
standards after esaniinaiiun t>y our 
fiU'iory. district otiicc or auituiri/cd 
repair' ayicnc) personnel will he re 
paircsl or. al oili option, icpiaccd 
wititoui ch.iry;c. except for tubes or 
batteries iliat have given lunmat 
serx tee. 

GENERAL RADIO COMPANY 

WHI CONCORD, MASSACHUSETTS 

I- 1 

rv>t in M!lk Ulk|M<r*a cMld Ctll^'d'ra 


C«l'litatia)i tian4o>a( Qi gpptr(a4>l« w* 
trooPoliV So atf* Na'/an/il ti>r«au ot Vonda*4i. 


Figure 4. This 2-year warranty tag, which it supplied 
with all instruments, carries a statement 
of traceability. 

tfiiiied l>y the National Bureau of Stand¬ 
ards. 

To meet the desired oltjeetive, eerluiu 
military proeurerneul jn’ORrams now r(»- 
qiiire, as part of (piality-assurauce pro- 
mliircrs, that some demonstration l)c 
^iven by equipment miinufaeturtTs that 
the units us(hI in their ealihrations ean 
be traeed to those establishetl l)y the 
Xational Bureau of Standards. 

The execution of this exeelleut jtlaii 
has cr(‘aled some difficulty ftecaiise the 
nature of the required “demons!ratittii" 
or “certitication“ is not clearly defined, 
d'he answer evolved l)y fleneral Kadio, 
in r(‘sponse t<» many refpicsts to “cert ify,” 
“warrant,” or “demonstrate^ traec- 
ability of our standards, is a seal stating 
traceability to XBS embossed on all 
(leneral Ua<lio calibralion cerlilicales. 
'To eover instruments with which cali¬ 
bration ccTtificates are not normally 
siip|>lied, a statement has been a<lded to 
th(‘ warranty eertificate that is attachorl 
to each insirument shi])p(‘(L 'Fliis war¬ 


ranty tat? with the traceability statement 
is shown in Figure 4. 'riioseal and/f>r the 
warranty statement have been satisfac¬ 
tory to the vast majority of oiir eiis- 
tomers, military as well as eommereial. 
In a few instanees, however, we have 
been recpiesled to supply more d(‘lail(‘d 
information. A common request in .such 
cases is that we stale the latest dale of 
(•alibi at ion of our standard by XBS. 

There are a number of rea.sons why we 
do not consider this to be the |)roper ap¬ 
proach for a mannfac(nn*r of standards 
and we have consistently avoided the 
siipjilying of such information. The most 
signifi(!ant ol)jeclion to this procedure is 
that it constitiites an oversimidincation 
and does not recognize the true nature of 
a standards strnetnre. To illustrate the 
complexity of the problem, the (leiii*ral 
Radio proccnlnre for t he maintenance of 
capacitance standards is descrilxsl lat('r 
in this article. Because the validity of 
any calibration depends upon so many 
factors — the standards, the metliotls of 
measurement, and, indeed, the integrity 
of tlie entire organization — we believe 
quality as.suranee cannot br^ obtained 
from any single detail such as the date 
of an XBS calibration. If there is any 
doubt about the validity of a calibra¬ 
tion, the unit in question must bo re- 
ferrcnl to a qualified indepcnd(*nt stand¬ 
ards lal)oratory or to XBS. 

MAINTENANCE OF CAPACITANCE 

STANDARDS AT GENERAL RADIO 

In order to assure accurate and relia¬ 
ble calibrations, the (leneral Radio 
(Vunpany follows a well-ordered pro¬ 
gram of inductanee and capacitance 
standardizations. The capacitance stand¬ 
ardization program is typical. A serii's of 
fix(‘d capacitors ranging from .001 to 
l.O/uf with 1-2-0 values in <*ach decade is 
sent to XBS periodically. Bi'fore shi|>- 
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Figura 5. Plot showing 
consistency between 
General Radio-de¬ 
rived values and NBS 
calibration of General 
Radio reference stand¬ 
ards after adjustment 
for over-all level. 


ineiit tlicse fapacilors are romparf^l, 
itain l>y it Pin, with similar imits which 
are heUi in our lahoraUtrv under con¬ 
trolled coiitlil ions jis reference standards. 
Immediately after return from Washing¬ 
ton this comparison is made again. These 
mea.surement.s serve to guard against 
possible shifts in value that may occur 
from abust* in shipment, from possible 
mix-up of certificates, transposition of 
figures in dal a, etc. Any change in value 
that is obst*rv(*d betwe(*n the two sets of 
mea.surements can re.asonaltly Ite as- 
.sumed to be a shift in the stanilard that 
was shipped, rather tlian in the reference 
standard which remained comfort.able 
and undistnrbeil at home. 

1'he steps described give reasonable 
assurance that the calibration values 
have be(‘n tran.sferred .succe.ssfully from 
XHS but one ailditional very important 
.series of mciLsii remen Is is made which 
sfTves as a cross-check on the internal 
consist(‘ncy of our measurement pro¬ 
cedures and makes pos.sible the assign¬ 
ment of values bas<*d on the arcrngr of 
the cut in' seriirs of XHS calibrations. An 
interconipari.son of the entire set from 
0.001 to 1.0 ;if is made by a “bootstrap” 
techniipH* as follows: .\ value is a.ssigned 
to a 0.001 juf unit and a .second unit of 
likt‘ nominal vidue is meiisured in terms 
of the first: the two .001 units in par¬ 
allel are tlu'n used to measure, in turn, 
the two .002 (aipacitors; the two .002’s 
l>his tine of the .OOl’s are paralleletl to 
measure the two .005 standards; the two 
.005 cafiacitors in parallel are usetl to 
measure the unit values in the next 


decade. The process is repeated for each 
decade in the set. Additional sets of 
working standards, list'd in the ca|)acitor 
manufacturing department and in the 
calibrating laboratory, are includi^l in 
the aliove intercomparison. 

The data are then plotted as devia¬ 
tions from nominal vs. capacitance mag¬ 
nitude and the plot connecting the 
mt'asurotl iioints is adjustet.! ui>wartl or 
downward to reduce to a minimum the 
average dilTerence between tht' dt'rivt'd 
values anti the XHS values. Figure 5 
shows the resulting final values. 'I'he 
dilTerence betwi'en the two sets of points 
will then be zero if the following con- 
dilions have liecn met: 

(1) The intercompari.son wns made 
with no error. 

(2) The capacitors add properly w hen 
connect I'd in parallel. 

(3) The temperature of the capacitoi*s 
was the .same during intercompari.son as 
during Xlk'^ calibration (or proper al¬ 
lowance was made for any variation). 

(4) Xo changes in value have oc¬ 
curred. 

(5) .\ll the XHS values are perfect. 

Typically, the two sets of value's agree 

to better than ().()()5% idler the level of 
our dill a has been adjusted to agree* most 
nt'arly with the* ave'rage level eif the XHS 
data. The proeodure's de.scribe'd estab¬ 
lish our e*apae*itance stanelards in the 
range 1000 pf to 1 /if. C\'ipacitaiie'e val¬ 
ues below' 1000 pf are (h*rived from the 
1000-pf value. 'ree*hnique*s for subdivid- 
ing from the large*!' capae'itance value, 
using pre'e'ision adjustable e*apacitors, 
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have born developed which are inter¬ 
nally consistent to a few hundre<lths of 
1%. As a check on these procedures, 
low-value<j standards are occiusionally 
sent to XHS, and we have constructed 
an absolute standard at 0.t5 pf which 
checks with the derived value within 
about .01%. Such agreement is reason¬ 


able evidence that the assumptions are 
sufficiently well satisfied, and that the 
precision and consistency of our mcas- 
unuuents are a<lequate to transfer XBS 
values t-o the pnxluct shipped from oiu* 
lalwuatories with no appreciable degra¬ 
dation of accuracy. 

— Ivan G. Easton 


VACATION CLOSING 


During the wei*ks of July 25 and Au¬ 
gust 1, our Manufacturing Departments 
will be closed for vacation. 

There will be business as usual in the 
Sales Engineering and Commercial Dt‘- 
partments. In(|uiries, including re(iui»sts 
for technical and commercial informa¬ 


tion, will receive our usual promf)! atten¬ 
tion. Our Service D(*partment naiuests 
tliat, because of ab.sences in the manu¬ 
facturing and repair groups, shipments 
of e(|uipm(‘nt t<» be repaired at our plant 
be schedulofl to reach us after the vaca¬ 
tion period. 


SEMINAR ON HIGH-SPEED 
PHOTOGRAPHY TECHNIQUES AT M.I.T. 


'riie .scientilic and engineering u.st's of 
high-sp(‘ed f>hotographic measurement 
tcchni(|Ues will be the subject of a oiu'- 
week .seminar at the Massachusetts In¬ 
stitute of 'rechnology, starting Monday, 
August 15. The meetings will center at 
the Stroboscopic Light Laboratory where 
the thfHiry and at)plication of numerous 
methfuis will be discussed and studied. 

It is pla?»ned that mornings will be 
devotcHj to theory and demonstrations 
while the Jifternoons to laboratory prac¬ 
tice and ex|K'rience. 

Sul)jects to be covered include pulsed 
strobr>scopic lighting, optical high-speed 
cameras, Kerr cells, Faraday shutters, 
image converters, etc. Specialists in 
high-spc*e<I photography have been in¬ 
vited to cover their subjects at the 
seminar, and there will be practical lal>- 


oratory demonstrations of many tx'pes 
of high-sp(!ed pla)togra])hy equipment. 

The high-speeil motion-picture and 
still cameras give .s})aci*-time re.solution 
for com])licaied mechanical motions. 
Oni* can think of the high-spee<l camera 
for the mechanical engineer as being 
analogous to the cathode-ray oscillo¬ 
graph for the electrical. One of the n\y- 
jects of the s(‘minar is to give those who 
attend a real working knowledge of the 
various devices. 

The program is under the direction of 
l^ofessor Ilaroltl E. Edgerton of the De¬ 
partment of Electrical Engineering at 
M.I.T. 

For further information inquin* from 
the Onice of the Summer Se.ssion, Hoorn 
7-103, M.I.T., Cambridge, Massachu¬ 
setts. 
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EXPANSION OF LOS ANGELES OFFICE 
INCLUDES SERVICE DEPARTMENT 



Two views of the service laboratory 


General Radio’s friends west c)f th(' 
Rocky Mountains will he inten^sted to 
learn of our expandiNl operations at l/os 
Angeles. Our office in that city now has 
complete service facilities for the repair 
and recalihration of General Radio in¬ 
struments. along with a large stock of 
replacement parts, .\lfred J. Guay, a 
factory-trained service engiiu*c»r formerly 
in charge of our Ghicago service depart¬ 
ment, is now at Los Angeles, supervising 
a team of export .service technicians. 
Customers in the western states shoukl 
find the l^os Angeles office the most con¬ 
venient iigency for repair of our instru¬ 
ments: instruments sent to Los Ang(*les 
for repair will normally he delivered 
hack to the customer in less than two 
weeks. This extension of our district- 



General Radio's Los Angeles Office. 


office service operations terminates a 
long and pleasant association with the 
Western Instrument C’ompany, for many 
years our West Coast service representa¬ 
tives. 

The Ix)s Angeles office (“I.AO” to us) 
also includes a Commercial Department, 
under the direction of Ifohert W. Hol¬ 
land, ready to assist customers in all 
matters relating to orders. Many catalog 
items are carried in stock at Los Angeles 
for imme<liate shipment. .\nd, like all 
General Rmlio district offic'cs, “LAO’* 
has a factory-trained Sales Engineering 
Staff availahle for counsel on your mea¬ 
surement proldems. The office, at 1(K)0 
North Seward Street (Telephone flGlly- 
wood 9-G201), is managed by Joseph E. 
Belcher. 


NATIONAL CONVENTION ON 
MILITARY ELECTRONICS 

SHERATON PARK HOTEL, WASHINGTON, D.C. — JUNE 27-29, 1960 


You are cordially invited to visit the 
General Ra<lin exhihit in Booths 40 an’d 
.50 at this convention. Instruments on 
display will include pul.se generators, 
sound-measuring instruments, imped¬ 
ance bridges, beat-frequency video gen¬ 


erator, random-noise generator, admit¬ 
tance meter, and transfer-function 
bridge. All di.splays will he “live,” 
so that you can operate the instru- ^ 
ments and put them through their 
fiaces. 
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A CONDUCTIVITY BRIDGE ASSEMBLED 
FROM STANDARD PARTS 


Th(* lie impedance bridge is often nswl 
for measurements in scientific fields far 
remov(*d from electricity and electronics. 
Investigations in chemistry, physiology, 
m<*dicine, and biophysic.s. for instance, 
frequently recpiire meiLsurements of 
conductivity, capacitance, r(»sistance, or 
dissipation factor, and the n^ciuiremiaits 
of the problem are suinelim«*s la^st met 
by a bridge that is often simpler in (con¬ 
figuration and more flexible in range 
than standard catalog types. Such a 
bridge (‘an be assembled from standard 
impedance decades and other suitable 
elements. 

The bridge shown in Figure 1 was con- 
stnictwl in the Departmi'nt of Biophys¬ 
ics at the rniversily of Pittsburgh for 
the measurement, at 1 kc, of chang(*s in 
the conductivity of a()UCH>us solutions.* 
In (Mjnductometric titration, the rate of 
change of conductivity is a measun* of 
the extcMit of interaction of the reag(ait 
with the material in the solution. Since 
only the change in conductivity wjis 
wanteci, rather than the absolute value, 
an elalxirate conductivity bridge wjis 
unne<*(‘ss;iry. The degree of accuracy de- 
.sirwl was alnait 1%. 

*(»nr>’ .Sylvia !!uan(t. “Th«* In(«*ntrtiuM of 

tVJyouvIruliilc* with C*ntioni<,*' tiu$rhimtfa and 
phtfica ArUt, Vul. 34 (19*>0), pp. 234*242. 


In the circuit shown, the unknown, .V, 
is a temperature-controlled conductivity 
tell, whose resi.slan(!(c, when filled with 
solution, i.s alsiUt 30 kilohms. The cell 
capacitaiure (1000 to 2(KK) pf) i.s balanced 
by the variable capaciUir in the adjacent 
arm, so that tlie parallel n'sislance of the 
cell is indicated directly by setting of the 
decade resistor, U. 'Flie resi.stors A and 
H plug into jack-top binding ikksUs, so 
that their ratio can be easily chang(Hl. 
For measur(*ments at 1000 (?ycl('s, only 
a minimum of shielding was found to 1)0 
ni»cessary. 

The detector, />, is a Type 1212-A 
Unit Null Detector with a Type 1951-A 
P'ilter. 

The generator, Ci\ is a Type 1214-A 
Unit Oscillator, f(*d to the bridge through 
a Type ">78 Bridge 'rransformer. 

A = Type 505, 50 kSl, Fixetl Resistor 

B — Tyi'E 505, 5 kR, Fi.xed Resi.stor 

/i* = Type 1 132-M Deca(fe Resistor 
111, 110 ohms, in steps of I ohm. 

C = Type 080 Dfu-iwle C'apacitors 
and Type 1420 \'ariahle Air ('apacilor, 
as nxiuired. 

(Wearp imlrhtoii to Prf)f(wor (inr>' FeLsenfcId 
fi»r pennissinn to publish the above desrript i(ni 
of his bridge.) 



SHIELDED 

TRANSFORMER 
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OUR 45th ANNIVERSARY 



C. C. Carey 


D. B. Sinclair 


L. H. Pexton 


J. D. Quackenbos 


I 




June 14, in addition to being Flag 
Day, is the annivei-sary of the founding 
of General Radio Company back in 1915. 
I'irmly established in our new Concord 
plant and surrounded by the accessf)ries 
of modern business, we may not look 45, 
but we hope our long experience shows 
in the mature and sophist icated design of 
our products. A lot of electrons have 
gone down the wire since the early days, 
t)ut General Radio’s cor|X)rate identity 
lias remaineil unchanged. Through pros¬ 
perity, wars, and depressions, oiir busi¬ 
ness has consistently been the manufac¬ 
ture of electronic meiusuring instruments. 

General Radio is an employee-owned 
cor|x)ration of Massachus(*tts. One hun- 
drtnl eleven key employees own about 
twi>t birds of our common stock, and the 
General Radio Profit Sharing Trust, in 
which all employees have an interest, 
owns the remaining on(»-third. There are 
no outstanding preferred stocks or 
bond issues. Massachusetts Institute of 



I. G. Easton H. M. Wilson 


Technolog>', by gift from one of the 
Company’s founders, is our only outside 
stockholder and owns a few percent of 
the outstanding common. 

Our 4Gth annual stockholders’ meet¬ 
ing was held re<‘ently. At that meeting 
and at the directors’ meeting which fol- 
IowcmI, the following principal officers 
were namc'd; 

* Arthur K. Thiessen, Chairman of the 

IVmrd 

* Chark's C. Carey, President 

* Donald B. Sinclair, E.\ecutiv^e Vice- 

President aiul Technical Director 
Ivan G. Easton, ice-President for 

Engineering 

Harold M. Wilson, Vice-President 
for Manufacturing ^ 

I^wrence II, Pexton, Treasurer 
John D. Quackenbos, Secretary, Clerk 
Charles E. Hills, Jr., A.ssistant Treas¬ 
urer and Assistant Secretary 
hMwin D. Hurlbut, Controller 

•Dirwtors. 




General Radio Company 
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